Results: The most common histology was head and neck squamous cell carcinoma (62%). Median age was 55 years (range, 26-80). Eastern Cooperative Oncology Group performance status was 0 to 1 for 95% of patients. Fifty-nine patients had received FDA-approved drugs as the backbone of their last systemic therapy before inclusion in phase I trials (median, 2 systemic therapies). Progression-free survival (PFS) on phase I trials was not inferior to PFS on their last FDA-approved therapies (12 versus 10.7 weeks, log-rank P = 0.87). Fifty-three patients were evaluable for response by Response Evaluation Criteria in Solid Tumors criteria. Four (7%) had partial responses and 16 (26%) had stable disease for ≥4 months. In univariate analysis, number of metastatic sites, lactate dehydrogenase (LDH) levels at baseline, and Royal Marsden Hospital prognosis scores were significant predictors of survival. Only LDH was significant in multivariate analysis (hazard ratio, 6.35; P ≤ 0.0001).
The goals of phase I clinical trials are to identify the maximum tolerated dose of investigational drugs for future phase II studies and to define their safety profiles and pharmacokinetic properties. Critics cite the lack of benefit for patients enrolled in them (1, 2) . Studies show that as many as 20% of patients enrolled in phase I trials die within 90 days of study entry, although most of these deaths are due to progressive disease, whereas drug-related mortality is <0.5% (3) (4) (5) . Clinical benefit from these trials is likely to increase when patient selection is refined so that patients with specific biomarkers are fitted to trials with therapies aimed at those targets. Poor performance status is cited by others as one of the reasons for lack of benefit of these trials (6) . In this regard, a prospective study has validated the Royal Marsden Hospital (RMH) prognosis score for patient selection in an attempt to improve this process (7) . Other critics have pointed to the culpability of low doses of the agents used for treatment in the lack of efficacy of phase I trials. However, we and others recently showed that patients on low doses do not fare worse than those enrolled in high-dose cohorts (8, 9) . Another focus to improve patient selection has been to identify the optimal biological dose of a given therapy for target modulation rather than maximum tolerated dose as an end point with the goal of improving clinical outcome (10) .
Our study retrospectively reviewed patients with head and neck tumors treated in the Phase I Clinic at The University of Texas M.D. Anderson Cancer Center. We compared clinical outcome in these trials with that achieved using previous standard Food and Drug Administration (FDA)-approved therapies, and we tested the predictive value of the RMH prognosis score in that context.
Materials and Methods

Patients
We retrospectively reviewed clinical outcomes of 61 consecutive patients with head and neck cancers that were treated in the Phase I Clinic at M. All patients had progressed on systemic therapy for metastatic disease. We collected baseline characteristics that included age, gender, tumor histology, Eastern Cooperative Oncology Group (ECOG) performance status, number of prior systemic therapies for metastatic disease, number of metastatic sites and location of metastatic disease, hemoglobin (g/dL), lactate dehydrogenase (LDH; IU/L), platelets (K/μL), albumin (g/L), progression-free survival (PFS) while on last FDA-approved treatment before inclusion in phase I trial, date of initiation and progression to phase I therapy, best response to this therapy based on Response Evaluation Criteria in Solid Tumors (RECIST) criteria, and date of death or date lost to follow-up. All studies were done in accordance with M.D. Anderson Institutional Review Board guidelines.
Statistical analyses
Patient characteristics were summarized using median (range) for continuous variables and frequency (percentage) for categorical variables. To test the RMH prognostic score, we classified patients according to these three variables: LDH normal (0) versus LDH >ULN (upper limit of normal; +1), albumin >3.5g/dL (0) versus albumin <3.5g/dL (+1), and number of metastatic sites of disease ≤2 (0) versus >2 (+1; ref. 7) . Patients were subclassified into good (RMH score 0-1) or poor-prognosis groups (RMH
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Results
Patient characteristics
A total of 61 patients with head and neck cancers who participated in an M.D. Anderson phase I clinical trial were included in this retrospective review. There were 51 men (84%). The most common histology was head and neck squamous cell carcinoma (HNSCC; n = 38, 62%), followed by adenocystic carcinoma (ACC; n = 12, 20%) and other histologies (n = 11, 18%) including acinic carcinoma, adenocarcinoma, myoepithelial gland carcinoma, pleomorphic adenoma, ductal adenocarcinoma, and mucoepidermoid carcinoma. The median age was 55 years (range, 26-80 years). The baseline characteristics of these patients are summarized in Table 1 .
Therapy before patient inclusion in phase I trials
Overall, patients had a median of two prior systemic therapies for metastatic disease before inclusion in phase I trials (range, 1-8). Fifty-nine patients received treatments based on FDA-approved drugs as their last chemotherapy before inclusion in phase I trials. The standard treatment for relapsed squamous head and neck cancer based on the National Comprehensive Cancer Network guidelines may include platinum-based combinations or single agents including platinums, anti-epidermal growth factor receptor therapies, taxanes, ifosfamide, or gemcitabine (14) . In our retrospective review of FDA-approved treatments, 34% of these patients received platinum-based combinations as their last FDA-based therapy before phase I treatment, 42% received anti-epidermal growth factor receptor therapies, 7% received taxanes, 3% received other cytotoxics including ifosfamide or gemcitabine, and 14% received Alimta as part of an investigational protocol for HNSCC. Thus, the last systemic treatment for all patients before inclusion in phase I trials included a combination of drugs in which the backbone of therapy was an FDA-approved drug. Most importantly, in 86% of the patients, the treatment was based in drugs with a proven role in squamous cell cancer of the head and neck. For histologies other than HNSCC, there is no standard of care in the setting of metastatic disease, so the current recommendation by National Comprehensive Cancer Network guidelines is referral to a clinical trial. Details on last therapy before inclusion in phase I trials are summarized on Supplementary Table S1 Phase I trials Of the 61 patients, 11 were included in phase I trials combining classic cytotoxics with targeted agents, 7 were included in trials with multityrosine kinase inhibitors, 6 were in phase I trials with mammalian target of rapamycin (mTOR) inhibitors, 6 were in trials with microtubule inhibitors, and 6 patients were included in trials with proteasome inhibitors. Overall, 28 patients (47%) were treated with a first-in-human drug. The phase I treatments of these 36 patients and the remaining 25 patients are summarized in Table 2 .
Clinical outcomes
Among the 61 patients included in the analysis, 59 patients had received treatment based on FDA-approved drugs as their last therapy for metastatic disease before enrollment in phase I trials. Among these 59 patients, 34 (58%) had died at the time of analysis. The 90-day mortality rate was 21% and treatment-related mortality rate was 1.7% (1 of 59 patients). After a median followup of 50 weeks (range, 2.4-203 weeks), the median OS for the entire population was 30.8 weeks [95% confidence interval (CI), 14-47.6]. The median survival for patients with HNSCC was 27 weeks (95% CI, 18.6-45.4 weeks), and for patients with ACC, it was 93.1 weeks (95% CI, 42.8-203.0 weeks). Fifty-three patients were evaluable for response per RECIST criteria (Fig. 1) . The remaining 6 patients were not evaluable because of suicide (n = 1), off study due to infection and declining ECOG performance status before restaging (n = 3), no measurable disease (n = 1), and new-onset pleural effusion (n = 1). Four patients (7%) had partial responses and 34 (58%) had stable disease. Sixteen patients (26%) had stable disease for >4 months.
We conducted univariate analysis to examine the effect on survival of variables including number of prior chemotherapies for metastatic disease, number of metastatic sites of disease, LDH baseline levels, and RMH prognostic score. The number of metastatic sites (1-2 versus ≥3), LDH levels (<ULN versus ≥ULN), and RMH prognostic score (good versus poor) were significant predictors of survival in the univariate analyses. Median OS in patients with ≤2 sites of metastatic disease was 69.7 weeks (95% CI, 27.0-203.0 weeks) versus 25.7 weeks (95% CI, 12.0-51.7; P = 0.03, log-rank test) in those with 3 or more sites of metastatic disease. Patients whose LDH levels were within normal limits (≤618 units/L) had a median OS of 61.7 weeks (95% CI, 29.7-203 weeks), whereas OS for patients with LDH above the ULN was 12 weeks (95% CI, 6.4-22.6 weeks; P = 0.0001, log-rank test). Patients with a good RMH prognosis score also had a longer survival in the univariate analyses (median, 51.7 weeks versus 9.6 weeks between good and poor RMH scores; P < 0.0001). Next, we analyzed whether increasing values of RMH prognostic score predicted a shorter survival. Twenty-four patients had a score of 0, 22 patients had a score of 1, 12 patients had a score of 2, and only 1 patient had a score of 3. Median OS was gradually longer in patients with lower RMH prognosis score, and this was statistically significant [score 0; median OS, 93.1 weeks (95% CI, 29.3-203 weeks); score, 1; median OS, 38.4 weeks (95% CI, 22.6-61.7 weeks); score, 2 or 3; median OS, 9.6 weeks (95% CI, 6.4-21.7 weeks); P < 0.0001, log-rank test; Fig. 2] .
In the multivariate analysis, LDH level at baseline [hazard ratio (HR), 6.35 for elevated versus normal LDH] was the only significant predictor of survival (P ≤ 0.0001).
PFS for patients enrolled on phase I trials was not inferior to PFS while on last FDA-approved therapy
To test whether the clinical outcomes of patients with metastatic head and neck tumors enrolled on phase I trials were inferior to their clinical outcomes with the last therapy they received based on FDA-approved drugs, we conducted a log-rank analysis that compared PFS in both settings. We found that PFS while on phase I treatment was not inferior to PFS with the last FDA-approved drug (median PFS, 12 versus 10.7 weeks; log-rank P = 0.87; Fig. 3) . We conducted the same type of analysis in the subset of patients with HNSCC and similarly found that for these specific population of patients, PFS while on phase I treatment was not inferior to PFS with the last FDA-approved drug (median PFS, 9.7 versus 9.3; log-rank P = 0.43; Supplementary Fig. S1 ). Therefore, for patients with metastatic head and neck cancers that have progressed after two lines of systemic therapy for metastatic disease, referral for evaluation of eligibility for phase I trials might be considered.
Patients with stable disease or partial response while on phase I therapy had increased median OS Next, we conducted survival analysis to examine whether RECIST response to phase I trials may predict survival of these patients. Patients with ACCs are frequently characterized by long periods of stable disease. To avoid confounding our results by including this subset of patients, we restricted the analysis to patients with HNSCCs. Of the 38 patients with HNSCCs, 36 had undergone restaging by RECIST criteria as previously explicated. We found that patients with stable disease or partial response per RECIST criteria had an increased median OS [stable disease or partial response: median OS, 44.42 weeks (95% CI, 26.0-62.8 weeks); progressive disease: median OS, 15.42 weeks (95% CI, 5.98-24.87 weeks); P = 0.003, log-rank test; Fig. 4 ].
Discussion
Whether or not there is clinical benefit for patients included in phase I trials continues to be a concern for many physicians, thus limiting referrals to and recruitment for such trials (15) . Here, we show that the clinical outcomes of patients with advanced head and neck tumors that progressed on standard FDA-approved therapies were not inferior to the outcomes of the same patients on their last FDA-approved therapy. The median number of systemic therapies for metastatic disease that these patients had received before inclusion in phase I trials was two. In the absence of specific biomarkers of response, there was no difference for patients with refractory metastatic head and neck tumors being treated with standard versus experimental drugs.
The explosion of new technologies has led to the identification of unique genetic features in many tumor types (16, 17) . A plethora of targeted therapies have entered clinical trials, although matching patients with targeted therapies is complicated by the heterogeneity of various cancers. The genetic portrait of different tumor types has recently been elucidated. The finding that each cancer, on average, harbors >60 different mutations shows the complexity of this disease. There is a need to separate "mountains from hills" and identify driver as opposed to passenger mutations (18, 19) . This would offer a myriad of therapeutic opportunities, possibly even in the setting of phase I trials (20) . As an example of this targeted approach, a phase I trial with a B-Raf inhibitor showed a striking response rate of 60% in a subset of patients with metastatic melanoma, a disease for which no treatment had significantly increased survival (21) . A similar strategy has proven to be successful in the treatment of patients with non-small cell lung cancer and ALK4 mutations (22) . Our group recently presented data showing high response rates in patients with PIK3CA mutations enrolled on trials with phosphatidylinositol 3-kinase/Akt/mTOR inhibitors (23) .
The phase I group at RMH recently developed a score that can be used to predict survival in patients with advanced cancer using baseline clinical and laboratory parameters including albumin, LDH, and number of metastatic sites of disease (7) . In this study, we tested the predictive value of the RMH score in our patients. Although we found in univariate analyses that survival was longer for patients who had good RMH prognosis scores and that increasing values of RMH score gradually predicted for poorer survival, we were not able to validate this score in multivariate analyses. However, the relatively small number of patients in our study precludes carrying out a robust analysis. Our findings in multivariate analysis showed that the LDH value at baseline was the only significant predictor of survival for these patients.
In summary, the clinical outcomes for patients with head and neck tumors are not inferior to their outcomes with last standard FDA-approved treatment in a selected group of individuals with good performance status. The rate of stable disease for ≥4 months plus partial response was 33% in these individuals. Patients who achieved stable disease or a partial response had a superior OS to those with progressive disease. However, without a randomized study, it is unclear whether response influences survival or simply if responders were a group of patients who had better prognosis.
Future validation of prognostic scores to assist physicians in better selecting specific subgroups of patients who can benefit from novel therapies as well as the identification of rational therapeutic targets to target in the setting of phase I trials may further affect the outcomes of these patients.
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